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SPECIFICATION 



METHOD OF PRODUCING PNEUMATIC TIRE 
TECHNICAL FIELD ^ 

This invention relates to a method of producing a pneumatic tire, and 
more particularly to a method of producing a pneumatic tire comprising a belt 
layer(s) made from a rubber composition which is good in the extrusion 
workability at an uncured state and high in the durability after vulcanization. 
BACKGROUND ART 

In the production of a composite body having various kinds of rubber, 
it is generally required to take a step of affixing various uncured rubber members 
prior to vulcanization. When the composite body is a pneumatic tire (hereinafter 
referred to a tire), such a tire comprises reinforcing members such as organic 
fibers or steel cords and various rubber members. Therefore, it is required to 
provide an uncured tire by affixing an uncured rubber member and a reinforcing 
member such as cords or the like at a shaping step prior to the vulcanization of 
the tire. 

Nowadays, it tends to more sophisticate and diverse performances 
required for the composite rubber bodies inclusive of the tire. For this end, it is 
obliged to make the shaping step complicated, and manual labor is still required 
in the present circumstances. However, when the manual labor is carried out in 
the shaping step, the significant improvement of the shaping efficiency can not 
be attained and also there is a problem that the affixing accuracy of various 
materials lowers. In case of the tire, the right and wrong of the lamination 
accuracy particularly exerts an influence on the quality of the tire, so that it is 
strongly desired to improve the affixing accuracy in addition to the improvement 
of the shaping efficiency. 

In order to fulfill these requests, JP-B-7-94155 proposes a method and 
an apparatus in which an outlet orifice of a constant-volume extruder is located 
in the vicinity of a position of a rotating support to be arranged with a rubber 
member and a rubber composition is directly extruded on the support. Also, 
JP-A-2000-79643 proposes a method and an apparatus in which a plurality of 
uncured rubber compositions are directly extruded on a support while mixing in a 
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single extruding apparatus. 

In the tire, a belt layer arranged between a tread portion and a carcass 
plays a role for improving the steering stability and the durability, so that a 
coating rubber for the belt layer is required to have high modulus of elasticity 
and durability for playing the above role. For this end, a rubber composition 
constituting the conventional coating rubber contains great amounts of a filler 
and a crosslinking agent, but a softening agent or the like is not used in this 
rubber composition because it lowers the modulus of elasticity. Therefore, the 
rubber composition used in the conventional coating rubber is considerably poor 
in the workability at an uncured state. 
DISCLOSURE OF THE INVENTION 

Although the rubber composition used in the conventional coating 
rubber is poor in the workability at the uncured state as mentioned above, since 
the belt layer is previously provided as a band-shaped member having a given 
width at a grand rolling step, the poor workability of this rubber composition at 
the uncured state is out of question in the conventional tire shaping method. 
In the shaping method for directly extruding the above band-shaped uncured 
rubber composition for the main purpose of improving the affixing accuracy (so- 
called core shaping), however, the rubber composition is extruded as a coating 
rubber just before the shaping, so that there is a drawback that the rubber 
composition of the conventional compounding system is extruded at only a slow 
rate so as not to cause scorching. 

On the contrary, if it is intended to improve the workability (extrusion 
operability) in the conventional compounding technique, the softening agent and 
the processing aid become used. In this case, however, the modulus of elasticity 
lowers or the durability is deteriorated after the vulcanization, and hence the 
desired property is not obtained. 

It is, therefore, an object of the invention to. solve the aforementioned 
problems and to provide a method of producing a pneumatic tire comprising a 
belt layer(s) made from a rubber composition being good in the extrusion 
workability at a uncured state and high in the durability after the vulcanization. 

The inventor has made various studies in order to solve the above 
problems and found that when a rubber composition obtained by compounding a 
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rubber component with a compound having a specified melting point and/or a 
resin having a specified softening point and limiting a total compounding amount 
of the above compound and the resin to a specified range is used in a coating 
rubber for a belt layer, since the extrusion workability of the rubber composition 
at the uncured state is high, the rubber composition can be extruded as a coating 
rubber at a faster extruding rate without scorching, and also since the durability 
of the rubber composition after the vulcanization is high, a tire having a higher 
durability can be produced, and as a result, the invention has been accomplished. 

That is, the method of producing a pneumatic tire according to the 
invention is a method of producing a pneumatic tire comprising a belt comprised 
of at least two belt layers each constituted with steel cords and a coating rubber 
covering the cord between a tread and a radial carcass by spirally winding a 
band-shaped uncured rubber composition extruded through an extruder on a 
rotating support to form a rubber member having a given sectional shape (so- 
called core shaping), characterized in that the formation of the belt layer is 
carried out by (D successively laminating the coating rubber and the steel cords, 
(D affixing a small-width band-shaped body of single or plural steel cords 
previously covered with the coating rubber or (3) forming a small-width band- 
shaped body by covering a single or plural steel cords with the coating rubber 
during the shaping and affixing it, and a rubber composition constituting the 
coating rubber is formed by compounding a rubber component with a compound 
having a melting point of 120-220°C and/or a resin having a softening point prior 
to curing of 90-150°C, and a total compounding amount of the compound and the 
resin is 0.5-25 parts by mass based on 100 parts by mass of the rubber component. 

In a preferable embodiment of the invention, the rubber composition 
has a viscosity of not more than 2 kPa • s as measured at a shearing rate of 750 s" 1 
and a temperature of 100°C according to ASTM D5099-93, and a tensile stress at 
100% elongation of not less than 5 MPa and an elongation at break of not less 
than 200% as rubber properties after the vulcanization. 

In another preferable embodiment of the invention, the resin is a 
thermosetting resin, more preferably at least one kind of bismaleimide-based 
resin. On the other hand, the compound is at least one bismaleimide. 

In the other preferable embodiment of the invention, the rubber 
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composition further contains 0.5-2.0 parts by mass of N,N'-dicyclohexyl-2- 
benzothiazolyl sulfenamide based on 100 parts by mass of the rubber component. 

In a further preferable embodiment of the invention, the rubber 
composition further contains 0.02-0.4 part by mass of a cobalt compound as a 
total content of a cobalt element based on 100 parts by mass of the rubber 
component. 

In a still further preferable embodiment of the invention, the rubber 
composition contains 4.0-8.0 parts by mass of sulfur as a vulcanizing agent based 
on 100 parts by mass of the rubber component. 
BEST MODE FOR CARRYING OUT THE INVENTION 

The invention will be described in detail below. In the method of 
producing the pneumatic tire according to the invention, the band-shaped 
uncured rubber composition extruded through an extruder is directly and spirally 
wound on the rotating support provided with a radial carcass member to form a 
rubber member having a given sectional shape, whereby there is shaped an 
uncured tire corresponding to a tire comprising a belt comprised of at least two 
belt layers each constituted with steel cords and a coating rubber covering the 
cords between a tread and a radial carcass. In the production method of the 
invention, the belt is disposed between the tread and the radial carcass by a so- 
called core shaping, so that the manual labor in the shaping step of the uncured 
tire is largely reduced and the affixing accuracy is improved. 

The formation of the belt layer is carried out by (D successively 
laminating the coating rubber and the steel cords, (2) affixing a small-width 
band-shaped body of single or plural steel cords previously covered with the 
coating rubber or (3) forming a small-width band-shaped body by covering a 
single or plural steel cords with the coating rubber during the shaping and 
affixing it. In these belt forming methods ®, (D and (3), a small-size 
apparatus is used instead of a large-size warming-rolling apparatus used in the 
conventional belt forming method, and hence it is required to use a rubber 
composition having a good workability. 

According to this requirement, in the production method of the 
invention, the rubber composition obtained by compounding the rubber 
component with a compound having a melting point of 120-220°C and/or a resin 
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having a softening point prior to curing of 90-150°C and rendering a total 
compounding amount of the compound and the resin into 0.5-25 parts by mass 
based on 100 parts by mass of the rubber component is applied to the coating 
rubber. In the rubber composition is compounded the compound having a 
specified melting point and/or the resin having the specified softening point, so 
that the modulus of elasticity and durability after the vulcanization are 
sufficiently high. In the rubber composition, therefore, a filling amount of 
carbon black is not required to be high as in the conventional technique, and the 
filling amount of carbon black is decreased to improve the fluidity, whereby the 
extrusion workability at the uncured state can be improved. As a result, when 
this rubber composition is adopted in the coating rubber, the scorching is hardly 
caused even in the extrusion at a faster rate, and also a tire having a higher 
durability is obtained because the modulus of elasticity of the belt layer after the 
vulcanization is high. 

As the rubber component used in the rubber composition constituting 
the coating rubber according to the invention is preferable a diene rubber. 
As the diene rubber are mentioned natural rubber, isoprene rubber, butadiene 
rubber, styrene-butadiene rubber, butyl rubber and the like. These rubber 
components are used alone or in a blend of two or more. Moreover, the natural 
rubber having a high fracture strength is preferable to be used as an essential 
component from a viewpoint of enhancing the durability of the belt. 

The rubber composition constituting the coating rubber is obtained by 
compounding the rubber component with the compound having the melting point 
of the above range (120-220°C) and/or the resin having the softening point of the 
above range (90-150°C) in the total compounding amount of the above range 
(0.5-25 parts by mass). When the melting point of the compound is lower than 
120°C or the softening point prior to curing of the resin is lower than 90°C, the 
sufficient modulus of elasticity after the vulcanization is not obtained, while 
when the melting point of the compound exceeds 220°C or the softening point 
prior to curing of the resin exceeds 150°C, the extrusion workability at the 
uncured state is not improved. Also, when the total compounding amount of the 
compound and the resin is less than 0.5 part by mass, the sufficient modulus of 
elasticity after the vulcanization is not obtained, while when it exceeds 25 parts 
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by mass, the fracture strength lowers. Therefore, when using the rubber 
composition obtained by compounding the rubber component with the compound 
having the melting point of the above range and/or the resin having the softening 
point of the above range in the total compounding amount of the above range, it 
can be extruded at a faster rate without scorching to improve the extrusion 
workability at the uncured state, and the modulus of elasticity and the durability 
after the vulcanization can be enhanced sufficiently. 

The resin according to the invention is preferable to be a thermosetting 
resin from a viewpoint of the stability after the vulcanization. Moreover, the 
thermosetting resin is not cured during the extrusion. In the invention, a 
thermosetting resin after the curing may be also used as the thermosetting resin. 
Particularly, the resin according to the invention is preferable to contain at least 
one kind of a bismaleimide based resin in a point that the modulus of elasticity 
after the vulcanization is ensured. As the bismaleimide based resin are 
mentioned bismaleimide resin, phenyl bismaleimide resin and the like. 

As the compound having a melting point of the above range according 
to the invention is preferable bismaleimide. As the bismaleimide are mentioned 
N,N'-l,2-phenylene bismaleimide, N,N'-l,3-phenylene bismaleimide, N,N'-1,4- 
phenylene bismaleimide, N,N'-(4,4 , -diphenylmethane)bismaleimide, 2,2-bis[4- 
(4-maleimidephenoxy)phenyl]propane, bis(3-ethyl-5-methyl-4- 
maleimidephenyl)methane and the like. Among them, N.N ? -(4,4 ? - 
diphenylmethane)bismaleimide is particularly preferable. 

In these compounds and resins, as the melting point of the compound 
or the softening point of the resin becomes lower, the effect of improving the 
workability is large, while as the melting point of the compound or the softening 
point of the resin becomes higher, the effect of improving the modulus of elasticity 
after the vulcanization is large, so that it is preferable to use some kinds of the 
compounds having different melting points and/or some kinds of the resin having 
different softening points in combination in accordance with the use purpose. 

In the invention, the viscosity of the rubber composition is defined 
according to ASTM D5099-93 because the measuring method of ASTM well 
corresponds to the extrusion workability of rubber as compared with the 
measuring method of generally used Mooney viscosity. In the rubber 
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composition according to the invention, the viscosity is not more than 2 kPa • s as 
measured at a shearing rate of 750 s" 1 and a temperature of 100°C according to 
ASTM D5099-93. When the viscosity exceeds 2 kPa • s, it is difficult to ensure 
the sufficient extrusion workability. 

Also, in the rubber composition according to the invention, a tensile 
stress at 100% elongation is not less than 5 MPa, and an elongation at break is 
not less than 200%, preferably not less than 300% as rubber properties after the 
vulcanization. The coating rubber constituting the belt layer is required to have 
high modulus of elasticity and high fracture properties as properties after the 
vulcanization. They can be attained when the tensile stress and the elongation 
at break are within the above ranges, and hence the durability as a tire is 
sufficiently obtained. 

The rubber composition according to the invention is preferable to 
further contain 0.5-2.0 parts by mass of N,N'-dicyclohexyl-2-benzothiazolyl 
sulfenamide based on 100 parts by mass of the rubber component from a 
viewpoint of improving an adhesion property between steel cord and coating 
rubber and rubber properties. When the amount of N,N'-dicyclohexyl-2- 
benzothiazolyl sulfenamide is less than 0.5 part by mass, the effect by the 
inclusion of this substance is small, while when it exceeds 2.0 parts by mass, the 
fracture properties lower. 

Also, the rubber composition is preferable to further contain 
0.02-0.4 part by mass of a cobalt compound as a total content of cobalt element 
based on 100 parts by weight of the rubber component from a viewpoint of 
improving the adhesion property between steel cord and coating rubber. When 
the cobalt content is less than 0.02 part by mass, the effect by the inclusion go 
the cobalt compound is small, while when it exceeds 0.4 part by mass, the 
deterioration of rubber becomes larger. 

The rubber composition is preferable to contain 4.0-8.0 parts by mass 
of sulfur based on 100 parts by mass of the rubber component as a vulcanizing 
agent from a viewpoint of ensuring the stabilization of the adhesion between 
steel cord and coating rubber and the high modulus of elasticity. When the 
sulfur content is less than 4.0 parts by mass, the stabilization of the adhesion is 
insufficient, while when it exceeds 8.0 parts by mass, the resistance to heat 
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deterioration is poor. 

Furthermore, the rubber composition may be properly compounded 
with additives well-known in the art such, for example, an inorganic filler such as 
carbon black, silica or the like, an antioxidant, zinc white, stearic acid and the 
like. Moreover, usual air or air having a changed oxygen partial pressure or an 
inert gas such as nitrogen or the like is mentioned as a gas filled in an inside of 
the tire. 

In the method of producing the tire according to the invention as 
mentioned above, the belt layer is formed by so-called core shaping, and the 
rubber composition having a good extrusion workability is applied in the coating 
rubber therefor, whereby it can be realized to simultaneously establish the 
extrusion workability and the tire durability, which could not be realized in the 
conventional core shaping. In the tire produced by the method of the invention, 
the affixing accuracy of the belt layer is high because the belt layer is formed by 
the core shaping, and the modulus of elasticity of the coating rubber in the belt 
layer is high, so that the tire durability is high. 

The invention will be described in detail with reference to the 
following examples, but it is not limited to these examples. 
<Examples> 

A rubber composition is prepared according to a compounding recipe of 
Table 1 and used as a coating rubber for a steel cord constituting a belt layer to 
form a belt layer by core shaping to thereby produce a tire for a passenger car 
having a tire size of 175/70R14. The following test are carried out with respect 
to the resulting rubber composition and the passenger car tire. 

(1) Viscosity 

The viscosity is measured through a capillary rheometer according to 
a piston type measuring method of ASTM D5099-93. Moreover, a shearing rate 
is 750 s' 1 and a measuring temperature is 100°C. 

(2) Extrusion workability 

The rubber composition having a compounding recipe of Table 1 is 
extruded at a target extruding rate, in which a case of causing the scorching is 
NG and a case of shaping without scorching is OK. 
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(3) Tensile stress at 100% elongation 

The tensile stress at 100% elongation is measured by using a 
dumbbell test specimen of JIS No. 3 according to JIS K6251-1993. 

(4) Modulus of elasticity 

The value of the tensile stress at 100% elongation measured above is 
represented by an index on the basis that Comparative Example 1 is 100, in which 
the larger the index value, the higher and the better the modulus of elasticity. 

(5) Elongation at break 

The elongation at break is measured by using a dumbbell test 
specimen of JIS No. 3 according to JIS K6251-1993. 

(6) Heat build-up 

A loss tangent (loss factor) tan 6 at 50°C is measured and represented 
by an index on the basis that Comparative Example 1. The larger the index 
value, the lower tan 6 and the smaller and the better the heat build-up. 

(7) Tire durability 

After the tire is actually run over 70,000 km, a half circumference of 
the tire is cut and exposed to measure a length of crack in the belt layer, which is 
represented by an index on the basis that Comparative Example 1 is 100. 
The larger the index value, the shorter the crack and the better the durability. 
Moreover, as the crack grows, the belt layer may be separated to cause troubles. 
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As seen from Comparative Examples 1, 2 and 3, when the milling is 
repeated in the Banbury mixer, the viscosity lowers and the extrusion workability 
is improved, but the modulus of elasticity and durability lower. 

As seen from Comparative Examples 4, 5 and 6, when the amount of 
carbon black is decreased as a filler, the viscosity lowers and the extrusion 
workability is improved, but the modulus of elasticity lowers and the durability is 
equal to or less than that of Comparative Example 1. 

On the other hand, in the tires of Examples 1-5 according to the 
invention, the resin is added and the amount of carbon black is decreased, so that 
the target viscosity is attained and the extrusion workability is improved ,and 
further the tire durability can be more improved as compared with Comparative 
Example 1. Moreover, in the tire of Example 1, the modulus of elasticity 
somewhat lowers, but the heat build-up is considerably low and good, so that it is 
guessed that the tire durability is improved. 
INDUSTRIAL APPLICABILITY 

According to the production method of the invention, by using the 
rubber composition compounded with the specified amount of the compound 
and/or the resin having the specified melting point or softening point is improved 
the extrusion workability at the uncured state of the rubber composition, so that 
the fast extruding rate can be adopted without scorching, and also the tire 
durability can be improved. 
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